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THE AIMS OP MATHEMATICAL EDUCATION 

By PROFESSOR J. H. MINNICK 
Dean of School of Education, University of Pennsylvania 

Education is a complex process involving a variety of experi- 
ences gained through both school and out-of -school activities. 
Each subject of the curriculum should make its definite con- 
tribution to this experience, but we must be sure that the result 
is a unit. An investigation of conditions in most of our high 
schools will show that a child is under the instruction of per- 
haps four or five teachers, all of whom are wdrking independ- 
ently of each other. Very seldom does one teacher know what 
the Others are trying to do. In order to avoid such conditions 
and to insure a unified education for each individual, it is neces- 
sary that the aim of each subject shall be determined in the light 
of the general definition of education. Only by this means can 
the subject matter of each course be so selected and presented 
that there is neither useless overlapping on the one hand nor the 
omission of important elements on the other hand. Hence, in 
discussing the aim of mathematical education, we should con- 
sider the general meaning of education and then determine what 
contribution mathematics can make most effectively. For this 
purpose we shall accept Ruediger's definition, namely, ". . . 
to educate. a person means to adjust him to those elements of his 
environment that are of concern in modern life, and to develop, 
organize, and train his powers so that he may make efficient 
and proper use of them." 1 This definition consists of two parts. 
One of these is concerned with the adjustment of the individual 
to his environment ; this is the objective side. The other is con- 
cerned with the development of the powers of the individual ■, 



1 Ruediger: The Principles of Education, p. 39. 
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this is the subjective side of education. However, one's powers 
are developed only by contact with and adjustment to his en- 
vironment, and he is adjusted to his environment only through 
his powers and abilities. Thus, a child's power to think cor- 
rectly is developed most effectively when he is brought face 
to face with a real situation the solution of which is vital to 
his welfare ; but he can successfully master the situation only by 
the use of his reasoning power or such other abilities as may be 
involved. Hence, the two parts of this definition are not inde- 
pendent and we need not consider them separately ; when one is 
satisfied in the most effective way the other will be. At present 
we shall confine our attention to the objective phase of 
education. 

The environment to which we must be adjusted may be 
thought of as consisting of two elements; namely, the material 
and the social. Independently of his social relationship each in- 
dividual is dependent upon and interested in the material uni- 
verse in whjch he lives. This universe constitutes man's ma- 
terial environment. But each individual under normal condi- 
tions also has relationship with other men. That portion of the 
human race with which one has any such relationship constitutes 
his social environment. However, these two elements of our en- 
vironment are not independent. In order to maintain our social 
relationship we have been forced to lay hold of elements of the 
material world and adapt them to our use. We build houses, 
construct bridges, cut down forests and tunnel mountains. Our 
question is, In what way does mathematics aid in adjusting each 
individual to his material and social environment? We shall 
first consider the material, and later the social environment. 

From the earliest period man has struggled, not only to lay 
hold of and use the material things round about him, but also 
to understand and appreciate the natural phenomena which he 
sees daily. Mythology and the beginnings of science are largely 
the results of this natural curiosity on the part of man. As is 
well known to every scientist, the material world in which we 
live is subject to mathematical laws ; the path of every heavenly 
body, the force of gravity, and the properties of electricity are 
mathematical in their nature. Much of the early mathematics 
was discovered in an attempt to interpret the material universe, 
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and today one of the most effective means of understanding 
the mysteries of nature is mathematics. In the high school it is 
not possible to give a pupil such a knowledge of mathematics as 
will enable him to compute the path'of a comet or to determine 
the exact time of an eclipse. However, even a knowledge of very 
elementary mathematics will enable the child to measure inac- 
cessible distances and solve other seemingly impossible prob- 
lems. This should increase his faith in mathematics as a means 
of solving the more difficult problems of nature and enable him 
to accept the conclusions of expert mathematicians. By the 
solution of those simple problems and citing more difficult 
applications we should give each individual such a knowledge of 
thb subject as will enable him to understand the exactness and 
force with which mathematics works and the parts which ' it 
plays in solving the problems of nature. 

So far we have considered only man's attempt to satisfy his 
curiosity in the natural phenomena. But he has ah«o undertaken 
to master nature and turn it to his own use. His success has 
depended largely upon his ability to apply mathematics in some 
form to the situations confronting him. Problems relating to 
lighting and heating, construction of buildings, and the control 
of electricity are mathematical in nature. It is true that these 
problems are handed over to a few experts and the majority 
of people never have to solve them. Nevertheless we are all de- 
pendent upon the results, and we will accept them more readily 
if we have some intelligent understanding of the process by 
which they have been obtained. We cannot hope to give each 
child a knowledge of mathematics which will enable him to 
solve all the problems upon which his life depends. However, 
by properly selecting the subject matter of the mathematics 
course and presenting it in the right relationships we should en- 
deavor to give to each child such a knowledge of mathematics 
as will enable him to understand the exactness and force of the 
subject which makes it possible for man to turn the elements of 
nature to his own use. 

One of the most important elements in maintaining our social 
relations and therefore in adjusting us to our social environ- 
ment is our vocabulary. When discussing the development of 
the vocabulary we must not make too large a claim for mathe- 
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matics. Nevertheless, mathematical principles and concepts, 
perhaps enter into our daily conversation and reading to a 
greater extent than most of us think. The more popular tech- 
nical magazines contain mathematical discussions of topics of 
common interest. Even such magazines as the Literary Digest 
often contain discussions involving statistics and other forms 
of mathematics. In our daily conversation such mathematical 
terms as radius, circular, equal, negative, positive, etc., are com- 
monly used. We should not attempt to justify mathematics 
on the basis of its contribution to vocabularly control ; but 
having justified it on some other basis, we should, insofar as is 
consistent with the more distinctive aims of mathematical edu- 
cation, develop such fundamental concepts as will enable the 
child to express his thoughts more clearly and ' to understand 
written and spoken language more readily. 

Adjustment to the social environment also means the best 
possible preparation to render effective service to society. 
Mathematical education plays an important part in this prepara- 
tion in several ways. Every occupation requires some knowl- 
edge of mathematics. The country grocer uses only the sim- 
plest arithmetic, while leaders in finances, engineering and 
sciences require an extensive knowledge of advanced mathe- 
matics ; the farmer uses geometry (learned through experience) 
in the construction of buildings, bins and fences; and the shop 
man often has need of both geometry and the formula. In 
fact, as Dr. David Eugene Smith 1 suggests, the removal of all 
knowledge of mathematics from the world would mean that 
most, if not all, occupations would be impossible. Therefore, 
we should, as nearly as possible, give to each child such a knowl- 
edge of mathematics as will enable him to carry on the work 
of his future occupation as it is now conducted. 

However, it is not possible to foretell the exact destination of 
each child passing through our schools and it is not possible to 
make adequate preparation for all possible lines of activity that 
may be entered upon by every pupil in our classes. During the 
past year at least seven able young people have been brought 
to our attention, who had not intended going to college until 



l David Eugene Smith: Mathematics in the trainine for citizenship. 
Teachers' College Record. May, 1917. 
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near the close of their high school course. "When the oppor- 
tunity for a college education was offered they found that the 
high school not only had not given them the mathematics neces- 
sary for college entrance but it had not grounded them in the 
simple fundamentals which would enable them to make the 
necessary preparation. Also those who have entered upon one 
work are frequently transferred to another or are promoted into 
advanced positions which require additional preparation. A 
young man from the shops of Wilkes-Barre, Pa., asked me to 
help him select a text in trigonometry. During the conversa- 
tion it appeared that he had reached the place in his trade where 
further promotion was impossible until he had mastered cer- 
tain parts of trigonometry. The tragic part was that he did 
not have a knowledge of those simple algebraic and geometric 
facts which serve as a basis for reading his trigonometry. Time 
after time our attention has been called to such cases. In order 
that such people may meet the new conditions successfully, we 
should give to each child such knowledge of mathematics as will 
serve as a basis for future preparation, if progress in his work 
should demand it. 

In many of our commercial and industrial concerns the work 
is being carried on today as it was years ago, because the em- 
ployees have had slight educational advantages and the speci- 
fic training for their work has been in the institution where 
they now work or in a similar institution. In a certain Phila- 
delphia metal shop the foreman learned to do, in a mechanical 
way, the work as his master did it a generation ago and his son 
is now being trained in the same way. Consequently the dis- 
covery and introduction of new methods is almost impossible. 
In a New York bank the president was required to puzzle out 
conclusions from long lists of figures until a recent high school 
graduate was employed who sent in his report with a graphical 
representation of such lists of figures. Prom that day the 
graphical method of making reports was used in that bank. On 
the other hand those who have had mathematical training fre- 
quently have not had practical experience and therefore do not 
know where mathematics can be applied. Not long since a pro- 
fessor of mathematics in one of our leading universities said that 
we had as well admit that our subject has no practical values. 
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Nevertheless, his special subject solves problems of sanitation, 
irrigation and electricity. Progress is possible only when those 
who have had practical experience have also had such mathe- 
matical training as will enable them to see where and how im- 
provement can be made. Therefore, we should, as nearly as 
possible, give to each child such a knowledge of mathematics as 
will enable him to find new and better ways of doing his work. 
After schools have done all that is possible to meet the needs 
of individuals, each will sometimes face mathematical situations 
which he cannot solve. It is important that, in all such cases, 
he shall be able to recognize the situation as mathematical and, 
if he cannot solve it, refer it to a specialist. Insurance com- 
panies and many other business and industrial establishments 
employ their own mathematical experts to whom their problems 
are referred. However, individuals often do not know that 
their situations are mathematical and are therefore unable to 
call upon an expert for assistance. The head of the household 
arts department in a well known university declared that the 
only mathematics needed by the students of her department 
was a very little simple arithmetic. Not long afterward an in- 
structor in her department asked each student in her class to 
buy one and one-half yards of expensive material to make a 
hat which could easily be made from one yard of material. 
Not knowing that the problem was capable of solution she 
guessed at the amount, although any one of fifteen or twenty 
mathematicians connected with the institution could have solved 
the problem for her and saved each member of her class an extra 
expense of two dollars. During the war two nurses of New 
York, prompted by the best of motives, resorted to the chain- 
letter method of raising money for war orphans.. Not recogniz- 
ing in the chain-letter a problem capable of solution they set 
the number of letters in the chain so high that there were not 
enough people in the United States to send it to. In neither of 
these cases can we blame those concerned for not being able to 
solve their problems, but they should have recognized them as 
mathematical in nature and sought the aid of the specialist. 
We cannot hope to give each pupil enough mathematics to en- 
able him to solve all his problems : but we should give him such a 
knowledge of the subject as will enable him to recognize a mathe- 
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matical situation when he meets it, and if he cannot solve it he 
can take it to an expert. 

One of the most important functions of the school is to dis- 
cover the abilities and aptitudes of children and thus help each 
find the place where he will make the greatest possible contri- 
bution to society. Out of the masses of children now in school 
there are a few who will develop into leaders in mathematical 
research. The value of their work to society cannot be over- 
estimated. They will discover new mathematical principles, 
the applications of which will give man a more complete mastery 
of his environment. Since it is only by contact with a subject 
that special ability along a given line can be determined, we 
should require of each pupil sufficient mathematics to determine 
whether he will profit by further study of the subject and to 
select those who will probably be leaders in mathematical 
thought. 

If those who show marked ability are to develop into leaders 
and make their fullest contribution to society, the school must 
make it possible for them to advance as rapidly as possible. 
Therefore, for this select group we should give enough mathe- 
matics to keep the door to specialization in mathematics and in 
fields dependent upon mathematics open. 

As previously stated the subjective or development aim of 
education is best realized when the objective or adjustment aim 
is satisfied in the most effective way. 4 Mathematicians have, 
for the most part, justified their subject on the plea that it is 
the best possible training in reasoning. 2 However, if we accept 
Dewey's analysis of the thought process, 3 we are compelled to 
conclude that, as presented in many of the high schools, the 
study of mathematics involves almost none of the elements of 
thought. On the other hand, if the subject is taught in a practi- 
cal way so as to realize the several aims stated above, all the ele- 
ments of thought are involved. Thus, if workmen have staked 
off the foundation of a house there may be a feeling that the 
work is inaccurate. This vague feeling is developed into a defi- 
nite question, "How ^an we test a four-sided figure to see if it 



1 David Mair: School Course in Mathematics, p. iii. 

2 David Eugene Smith: The Teaching of Elementary Mathematics, 
p. 238. 

3 John Dewey: How We Think, pp. 9-13. 
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is a rectangle?" In the light of known facts they formulate a 
tentative solution, namely, "the opposite sides must be equal." 
Upon further investigation they find that this is not -sufficient. 
They then revise their probable solution by adding "and the 
diagonals must be equal." A further investigation shows this 
revised solution to be correct and they proceed to check their 
work. 

This type of teaching has several advantages. First, it shows 
the child the usefulness of the mathematical facts which he is 
studying, and in the future he will be more likely to recognize 
possible applications. Second, the investigation of his tentative 
solutions involves just as thorough a mastery of geometry as 
the slavish followings of a textbook does. Third, since it in- 
volves all the steps of the thought process the disciplinary value 
will be realized in the fullest possible way. Thorndike says, 1 
"Teach nothing merely because of its disciplinary value, but 
teach everything so as to get what disciplinary value it has." 
Fortunately, in mathematics the best way to get "what discipli- 
nary value it has " is to get the other values in the most effective 
way. 

In order that no one may assume that we have in mind an 
extensive course in secondary mathematics, it should be said, 
in conclusion, that the realization of the above aims will require 
much less time than is now given to mathematics, but it will 
require a more carefully selected content and a different method 
of presentation. 



l E. L. Thorndike: Principles of Teaching, p. 249. 

* Read before the Association of Mathematics Teachers of New Jer- 
sey at regular meetings in November. 1919. and in October. 1920. 



